











































V\QWKHVL]H￿ HSR[\￿￿ K\GUR[\￿ DQG￿ DFHW\OHQLF￿ IDWW\￿ DFLGV￿￿ DQG￿ VKRZQ￿ WR￿ LQIOXHQFH￿ WKH￿
DFFXPXODWLRQ￿RI￿OLQROHLF￿DQG￿WKH￿XQXVXDO￿IDWW\￿DFLGV￿￿
7KH￿ PDMRU￿ FRQWULEXWLRQ￿ RI￿ WKLV￿ VWXG\￿ LV￿ WKH￿ GHYHORSPHQW￿ RI￿ QRYHO￿ UHJHQHUDWLRQ￿ DQG￿










































































EUDQFKHG￿￿ EXW￿ VRPH￿ YDULHWLHV￿ DUH￿ UHODWLYHO\￿ XQEUDQFKHG￿￿ 6WHPV￿ DUH￿ VTXDUH￿ ZLWK￿
JURRYHV￿￿/HDYHV￿DUH￿KDLU\￿RQ￿ERWK￿VLGHV￿ZLWK￿YDULDEOH￿VKDSH￿￿RYDWH￿WR￿ODQFHRODWH￿￿





￿￿￿￿￿￿￿ 6HVDPH￿ LV￿ SUHGRPLQDQWO\￿ VHOI￿SROOLQDWHG￿￿ DOWKRXJK￿ FURVV￿ SROOLQDWLRQ￿ E\￿
LQVHFWV￿LV￿FRPPRQ￿￿3DWKLUDQD￿￿￿￿￿￿￿￿￿7KH￿IUXLW￿LV￿DQ￿REORQJ￿FDSVXOH￿￿￿￿WR￿￿￿LQFKHV￿
ORQJ￿￿FRQWDLQLQJ￿￿￿￿WR￿￿￿￿￿RU￿PRUH￿VHHGV￿￿7KH￿VHHGV￿DUH￿RYDO￿DQG￿PD\￿EH￿ZKLWH￿￿
\HOORZ￿ UHG￿￿ EURZQ￿ RU￿ EODFN￿ LQ￿ FRORXU￿￿ 7KH￿ VHHGV￿ PDWXUH￿ ￿￿ WR￿ ￿￿ ZHHNV￿ DIWHU￿





















QDPH￿ D￿ IHZ￿￿ %HGLJLDQ￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿ KDV￿ FRQFOXGHG￿ WKDW￿ WKLV￿ VSHFLHV￿ ZDV￿ ILUVW￿









,QGLD￿ DQG￿ &KLQD￿ DUH￿ WKH￿ ZRUOG￿V￿ ODUJHVW￿ SURGXFHUV￿ RI￿ VHVDPH￿￿ IROORZHG￿ E\￿
0\DQPDU￿￿ 6XGDQ￿￿ 8JDQGD￿￿ 1LJHULD￿￿ 3DNLVWDQ￿￿ (WKLRSLD￿ DQG￿ %DQJODGHVK￿










































PRGHUQ￿ SODQW￿ EUHHGLQJ￿ NQRZOHGJH￿ DQG￿QHZ￿WHFKQRORJLHV￿FRXOG￿EHQHILW￿UHVHDUFK￿
DLPHG￿DW￿LPSURYLQJ￿WKH￿FURS￿￿5DP￿HW￿DO￿￿￿￿￿￿￿￿￿￿
8VHV￿RI￿VHVDPH￿





















































KLJK￿ ROHLF￿ DFLG￿ FRQWHQW￿￿ LQ￿ FRPELQDWLRQ￿ ZLWK￿ ORZ￿ TXDQWLWLHV￿ RI￿ VDWXUDWHG￿ DQG￿
SRO\XQVDWXUDWHG￿IDWW\￿DFLGV￿￿38)$V￿￿DUH￿FRPPHUFLDOO\￿DQG￿QXWULWLRQDOO\￿GHVLUDEOH￿￿




RLO￿ KDV￿ D￿ ORZ￿ OHYHO￿ RI￿ VDWXUDWHG￿ IDWW\￿ DFLGV￿ ￿￿￿ ￿￿￿￿￿ DQG￿ DSSUR[LPDWHO\￿ HTXDO￿




7KLV￿ IHDWXUH￿ LV￿ DWWULEXWHG￿ WR￿ DQWLR[LGDQW￿ DFWLYLWLHV￿ RI￿ VHVDPRO￿ DQG￿ VHVDPLQRO￿
WRJHWKHU￿ZLWK￿WRFRSKHUROV￿SUHVHQW￿LQ￿WKH￿RLO￿￿.DPDO￿(OGLQ￿￿￿$SSHOTYLVW￿￿￿￿￿￿E￿￿￿$￿










GLVHDVH￿ DQG￿ VRPH￿ FDQFHUV￿ H￿J￿￿ RI￿ WKH￿ XSSHU￿ JXW￿￿ 7KXV￿￿ VHVDPH￿ RLO￿ FRXOG￿ EH￿







V\QWKHVLV￿ LQ￿ SODQWV￿ QDPHO\￿￿ SODVWLGV￿ DQG￿ HQGRSODVPLF￿ UHWLFXOXP￿￿ 6DWXUDWHG￿ IDWW\￿
























FRHQ]\PH￿ $￿ DQG￿ XVHG￿ DV￿ VXEVWUDWHV￿ IRU￿ OLSLG￿ IRUPDWLRQ￿ LQ￿ WKH￿ HQGRSODVPLF￿
UHWLFXOXP￿￿(5￿￿￿7KH￿UHODWLYH￿DFWLYLWLHV￿RI￿.$6￿,,￿DQG￿SDOPLWR\O￿$&3￿WKLRHVWHUDVH￿
GHWHUPLQH￿WKH￿SURSRUWLRQV￿RI￿SDOPLWLF￿DQG￿VWHDULF￿DFLGV￿￿3ODQWV￿ZLWK￿KLJK￿.$6￿,,￿































































































































6RPH￿ SODQWV￿ DFFXPXODWH￿ YHU\￿ ORQJ￿ FKDLQ￿ IDWW\￿ DFLGV￿ ￿9/&)$V￿￿ DQG￿ WKHLU￿












WKLRHVWHUDVH￿ WR￿ IUHH￿ ROHLF￿ DFLG￿ GHWHUPLQHV￿ WKH￿ IDWH￿ RI￿ WKH￿ DFLG￿ IRU￿ PRGLILFDWLRQ￿
ZLWKLQ￿ RU￿ RXWVLGH￿ WKH￿ SODVWLG￿￿ 7KH￿ ROHDWH￿ H[SRUWHG￿ IURP￿ WKH￿ SODVWLG￿ LV￿ HLWKHU￿
PRGLILHG￿IXUWKHU￿WR￿SURGXFH￿RWKHU￿IDWW\￿DFLGV￿RU￿JHWV￿LQFRUSRUDWHG￿LQWR￿JO\FHUROLSLGV￿
￿)LJ￿￿￿￿￿,Q￿WKH￿(5￿￿ROHLF￿DFLG￿PD\￿EH￿PRGLILHG￿WKURXJK￿GHVDWXUDWLRQ￿￿K\GUR[\ODWLRQ￿￿
HSR[\JHQDWLRQ￿ RU￿ DFHW\OHQDWLRQ￿ ZKLOH￿ HVWHULILHG￿ WR￿ SKRVSKROLSLGV￿￿ SUHIHUDEO\￿



























WUDQV￿￿ ￿￿￿WUDQV￿￿ ￿￿￿FLV￿￿ DUH￿ H[DPSOHV￿ RI￿ FRQMXJDWHG￿ IDWW\￿ DFLGV￿￿ 8QOLNH￿ WKH￿ ￿￿￿


























￿￿ 6RPPHUYLOOH￿￿ ￿￿￿￿E￿￿ &DKRRQ￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿ 7KRP†XV￿￿ &DUOVVRQ￿ ￿￿ 6W\PQH￿￿
￿￿￿￿￿￿￿:KHUHDV￿PDQ\￿RI￿WKH￿GLYHUJHQW￿)$'￿￿HQ]\PHV￿PRGLI\￿WKH￿ ￿￿￿SRVLWLRQ￿RI￿
&￿￿￿IDWW\￿ DFLG￿ VXEVWUDWHV￿￿ VRPH￿ KDYH￿ DOVR￿ EHHQ￿ LGHQWLILHG￿ WKDW￿ FDQ￿ PRGLI\￿ DQ￿
H[LVWLQJ￿ ￿￿GRXEOH￿ERQG￿￿&DKRRQ￿HW￿DO￿￿￿￿￿￿￿￿￿￿7KH￿DGGLWLRQ￿RI￿QHZ￿IXQFWLRQDO￿
JURXSV￿WR￿DF\O￿FKDLQV￿JLYHV￿ULVH￿WR￿D￿YDVW￿UDQJH￿RI￿IDWW\￿DFLG￿VSHFLHV￿ZLWK￿YDULHG￿




WKUHH￿ FRQVHFXWLYH￿ VWHSV￿ RI￿ JO\FHURO￿￿￿SKRVSKDWH￿ ￿*￿3￿￿ DF\ODWLRQ￿ ￿2KOURJJH￿ ￿￿
%URZVH￿￿￿￿￿￿￿￿￿)LJ￿￿￿￿￿7KH￿*￿3￿LV￿SURYLGHG￿E\￿WKH￿*￿3￿GHK\GURJHQDVH￿UHGXFWLRQ￿
RI￿ GLK\GUR[\DFHWRQH￿ SKRVSKDWH￿￿ ,Q￿ WKH￿ ILUVW￿ VWHS￿￿ DQ￿ DF\O￿ PRLHW\￿￿ SUHIHUDEO\￿
VDWXUDWHG￿￿IURP￿DF\O￿&R$￿LV￿LQWURGXFHG￿DW￿WKH￿VQ￿￿￿SRVLWLRQ￿RI￿JO\FHURO￿￿￿SKRVSKDWH￿
LQ￿ D￿ UHDFWLRQ￿ FDWDO\VHG￿ E\￿ D￿ JO\FHURO￿￿￿SKRVSKDWH￿ DF\OWUDQVIHUDVH￿ ￿*3$7￿￿￿
JHQHUDWLQJ￿ O\VRSKRVSKDWLGLF￿ DFLG￿ ￿/3$￿￿￿ ,Q￿ PRVW￿ RLO￿ VHHGV￿ WKH￿ VQ￿￿￿SRVLWLRQ￿RI￿













































HQ]\PH￿ LQYROYHG￿ LQ￿ 7$*￿ V\QWKHVLV￿￿ SKRVSKROLSLG￿ GLDF\OJO\FHURO￿ WUDQVIHUDVH￿
￿3'$7￿￿ZDV￿UHFHQWO\￿FKDUDFWHUL]HG￿￿'DKOTYLVW￿HW￿DO￿￿￿￿￿￿￿￿￿￿3'$7￿IRUPV￿7$*￿
￿DQG￿O\VR￿3&￿￿E\￿WUDQVIHUULQJ￿D￿IDWW\￿DFLG￿UHVLGXH￿IURP￿WKH￿VQ￿￿￿SRVLWLRQ￿RI￿3&￿WR￿D￿











SURSRUWLRQ￿ RI￿ VDWXUDWHG￿ IDWW\￿ DFLGV￿ LQ￿ FRPSDULVRQ￿ WR￿ WKH￿ PRUH￿ DFFHSWDEOH￿
XQVDWXUDWHG￿IRUPV￿￿RU￿KDYH￿PHOWLQJ￿EHKDYLRXU￿WKDW￿FRQWULEXWHV￿WR￿SRRU￿TXDOLW\￿RI￿
VSUHDGV￿￿ 6XFK￿ GHILFLHQW￿ RLOV￿ ZRXOG￿ QHHG￿ WR￿ EH￿ PRGLILHG￿ WR￿ DWWDLQ￿ WKH￿ GHVLUHG￿
SURSHUWLHV￿￿ 0RGLILFDWLRQ￿ RI￿ OLSLG￿ SURSHUWLHV￿ LV￿ FRQYHQWLRQDOO\￿ GRQH￿ E\￿ FKHPLFDO￿
SURFHVVHV￿ QDPHO\￿￿ SDUWLDO￿ K\GURJHQDWLRQ￿￿ IUDFWLRQDWLRQ￿ RU￿ LQWHUHVWHULILFDWLRQ￿





'HYHORSPHQW￿ RI￿ FURS￿ YDULHWLHV￿ SURGXFLQJ￿ RLOV￿ ZLWK￿ TXDOLW\￿ DSSURSULDWH￿ IRU￿
VSHFLILF￿ PDUNHW￿ QHHGV￿ SUHVHQWV￿ D￿ EHWWHU￿ DOWHUQDWLYH￿ WR￿ FKHPLFDO￿ PRGLILFDWLRQ￿ RI￿
YHJHWDEOH￿RLOV￿DQG￿D￿PHDQV￿WR￿FLUFXPYHQW￿WKH￿VKRUW￿FRPLQJV￿DVVRFLDWHG￿ZLWK￿WKH￿
WHFKQRORJ\￿￿ 2QH￿ ZD\￿ WR￿ DFKLHYH￿ WKLV￿ LV￿ E\￿ GRPHVWLFDWLQJ￿ ZLOG￿ SODQWV￿ WKDW￿
DFFXPXODWH￿RLO￿ZLWK￿FKDUDFWHULVWLFV￿RI￿LQWHUHVW￿￿+RZHYHU￿￿WKH￿ORQJ￿WLPH￿VFDOH￿￿RI￿
RYHU￿￿￿￿\HDUV￿￿QHHGHG￿WR￿DGDSW￿WKHP￿WR￿FXOWLYDWLRQ￿DQG￿WKH￿UHTXLUHPHQW￿IRU￿UH￿
PRGHOOLQJ￿ RI￿ DJULFXOWXUDO￿ PDFKLQHU\￿ DQG￿ SURFHVVLQJ￿ HTXLSPHQW￿ SUHVHQW￿ D￿ PDMRU￿
OLPLWDWLRQ￿WR￿GHYHORSPHQW￿RI￿QRYHO￿RLO￿FURSV￿￿(IIRUWV￿WR￿GRPHVWLFDWH￿DQG￿GHYHORS￿
FHUWDLQ￿VSHFLHV￿IRU￿QRQ￿HGLEOH￿RLO￿SURGXFWLRQ￿KDYH￿QRW￿EHHQ￿UHZDUGLQJ￿DV￿LQ￿WKH￿FDVH￿￿ ￿￿￿














OLQVHHG￿ ￿/LQROD￿￿ IURP￿ D￿ KLJK￿ OLQROHQLF￿ DFLG￿ YDULHW\￿ ￿*UHHQ￿￿ ￿￿￿￿￿￿￿ +RZHYHU￿￿
LQGXFHG￿ PXWDJHQHVLV￿ LV￿ GLVDGYDQWDJHRXV￿ DV￿ LW￿ ODFNV￿ SUHFLVLRQ￿￿ JHQHUDWLQJ￿ PDQ\￿
SODQWV￿ ZLWK￿ GHIHFWV￿ DQG￿ IRU￿ WKLV￿ UHDVRQ￿ HQWDLOV￿ H[WHQVLYH￿ VFUHHQLQJ￿ RI￿ OLQHV￿ WR￿

























LQ￿ WUDQVJHQLF￿ FURSV￿￿ ([DPSOHV￿ RI￿ VXFK￿ IDWW\￿ DFLGV￿ LQFOXGH￿ ODXULF￿￿ SHWURVHOLQLF￿￿
ULFLQROHLF￿￿YHUQROLF￿DQG￿ ￿OLQROHQLF￿DFLGV￿￿7KHUH￿KDV￿EHHQ￿VRPH￿VXFFHVV￿ZLWK￿D￿IHZ￿￿￿ ￿ ￿
RI￿WKHVH￿LQ￿RLOVHHG￿UDSH￿DQG￿VR\EHDQ￿EXW￿WKHUH￿UHPDLQV￿QHHG￿WR￿LQFUHDVH￿WKH￿TXDQWLW\￿
RI￿WKH￿VSHFLILF￿IDWW\￿DFLGV￿IRU￿FRVW￿HIIHFWLYH￿XVH￿RI￿WKH￿PRGLILHG￿FURSV￿￿:LWK￿D￿EHWWHU￿






IDWW\￿ DFLGV￿ LV￿ D￿ SUHUHTXLVLWH￿ IRU￿ JHQHWLF￿ HQJLQHHULQJ￿ RI￿ WKH￿ VHHG￿ IDWW\￿ DFLG￿
FRPSRVLWLRQ￿￿$OWKRXJK￿WKH￿SDWKZD\￿IRU￿VHVDPH￿LV￿QRW￿GRFXPHQWHG￿￿WKH￿IDWW\￿DFLG￿
SURILOH￿VXJJHVWV￿V\QWKHVLV￿YLD￿WKH￿NQRZQ￿URXWH￿FRPPRQ￿WR￿PRVW￿PDMRU￿RLO￿FURSV￿￿






EHHQ￿ LVRODWHG￿ ￿*HQ%DQN￿ $FFHVVLRQ￿ (￿￿￿￿￿￿￿ DOWKRXJK￿ UHSRUWV￿ RQ￿ WKHLU￿
FKDUDFWHUL]DWLRQ￿DUH￿ODFNLQJ￿￿7KH￿H[SUHVVLRQ￿SDWWHUQ￿RI￿WKH￿FORQHG￿JHQHV￿LV￿ZHOO￿
XQGHUVWRRG￿￿ $GGLWLRQDO￿ JHQHV￿ WKDW￿ ZRXOG￿ EH￿ XVHIXO￿ LQ￿ PRGLI\LQJ￿ WKH￿ IDWW\￿ DFLG￿
FRPSRVLWLRQ￿LQ￿VHVDPH￿RLO￿DUH￿WKH￿.$6￿,,￿DQG￿SDOPLWR\O￿$&3￿WKLRHVWHUDVH￿￿%XW￿WR￿








IRU￿ IU\LQJ￿ DQG￿ VDODG￿ GUHVVLQJ￿￿ &RQVLGHULQJ￿ WKDW￿ FRQYHQWLRQDO￿ VHVDPH￿ RLO￿ LV￿




EH￿ QHFHVVDU\￿ WR￿ FORQH￿ .$6￿ ,,￿ DQG￿ SDOPLWR\O￿$&3￿ WKLRHVWHUDVH￿ JHQHV￿ IURP￿ WKH￿
VSHFLHV￿￿$OWHUQDWLYHO\￿￿RQH￿FRXOG￿XWLOL]H￿FORQHV￿DOUHDG\￿LVRODWHG￿IURP￿RWKHU￿VSHFLHV￿
OLNH￿DUDELGRSVLV￿DQG￿VXQIORZHU￿￿
$Q￿ LPSRUWDQW￿ UHTXLUHPHQW￿ IRU￿ JHQHWLF￿ PRGLILFDWLRQ￿ RI￿ RLO￿ FRPSRVLWLRQ￿ LV￿ WKH￿
DYDLODELOLW\￿RI￿D￿VWURQJO\￿H[SUHVVHG￿VHHG￿VSHFLILF￿SURPRWHU￿￿%HVLGHV￿￿WKH￿SURPRWHU￿
VKRXOG￿ GLVSOD\￿ FRUUHFW￿ WHPSRUDO￿ H[SUHVVLRQ￿ RI￿ WKH￿ LQWURGXFHG￿ JHQHV￿ VLQFH￿ WKH￿
V\QWKHVLV￿ RI￿YDULRXV￿VWRUDJH￿SURGXFWV￿LV￿GHYHORSPHQWDOO\￿UHJXODWHG￿￿￿,Q￿VHVDPH￿￿





































DFKLHYH￿ WKH￿ JRDO￿ RI￿ PRGLI\LQJ￿ RLO￿ FRPSRVLWLRQ￿￿ 0HWKRGV￿ WKDW￿ KDYH￿ EHHQ￿
VXFFHVVIXOO\￿ XVHG￿ WR￿ WUDQVIRUP￿ SODQWV￿ LQFOXGH￿ SDUWLFOH￿ ERPEDUGPHQW￿￿ 3(*￿
WUDQVIHFWLRQ￿RI￿SURWRSODVWV￿DQG￿$JUREDFWHULXP￿PHGLDWHG￿WUDQVIRUPDWLRQ￿￿+DQVHQ￿￿￿
:ULJKW￿￿ ￿￿￿￿￿￿￿ (DFK￿ V\VWHP￿ KDV￿ LWV￿ DGYDQWDJHV￿ DQG￿ OLPLWDWLRQV￿￿ QHFHVVLWDWLQJ￿









WUDQVIRUPDWLRQ￿ PHWKRGV￿￿ $￿ ORZ￿ FRS\￿ QXPEHU￿ RI￿ WKH￿ WUDQVJHQH￿ LV￿ WUDQVIHUUHG￿￿








GHWHUPLQHG￿ E\￿ WKH￿ FKURPRVRPDO￿ EDFNJURXQG￿ DQG￿ WKH￿ WXPRXU￿LQGXFLQJ￿ SODVPLGV￿
WKH\￿ FRQWDLQ￿ ￿+HOOHQV￿￿ 0XOOLQHDX[￿ ￿￿ .OHH￿￿ ￿￿￿￿￿￿￿ 6WUDLQV￿ ZLWK￿ WKH￿ &￿￿￿
FKURPRVRPDO￿EDFNJURXQG￿LQFOXGLQJ￿*9￿￿￿￿￿￿RFWRSLQH￿￿￿*9￿￿￿￿￿￿QRSDOLQH￿￿￿(+$￿
￿￿￿￿￿QRSDOLQH￿￿DQG￿(+$￿￿￿￿￿VXFFLQDPRSLQH￿￿DPRQJ￿RWKHUV￿DUH￿KLJKO\￿YLUXOHQW￿￿




LV￿ WKDW￿ LW￿ XVXDOO\￿ UHTXLUHV￿ WKH￿ UHJHQHUDWLRQ￿ RI￿ ZKROH￿ IHUWLOH￿ SODQWV￿ IURP￿ WLVVXH￿
FXOWXUH￿￿ 7KLV￿ KDV￿ SURYHG￿ GLIILFXOW￿ WR￿ DFKLHYH￿ IRU￿ PDQ\￿ LPSRUWDQW￿ FURS￿ VSHFLHV￿￿
XQIRUWXQDWHO\￿￿LQFOXGLQJ￿VHVDPH￿￿7KXV￿￿WKH￿$JUREDFWHULXP￿V\VWHP￿ZLOO￿QRW￿IXQFWLRQ￿
ZLWK￿ SODQWV￿ WKDW￿ FDQQRW￿ EH￿ UHJHQHUDWHG￿ IURP￿ FXOWXUH￿ RU￿ WROHUDWH￿ ZRXQGLQJ￿￿ ,Q￿
DGGLWLRQ￿￿ WLVVXH￿ FXOWXUH￿ RFFDVLRQDOO\￿ SURGXFHV￿ XQZDQWHG￿ VRPDFORQDO￿ YDULDQWV￿￿
QHFHVVLWDWLQJ￿LQWHQVLYH￿VFUHHQLQJ￿RI￿WUDQVJHQLF￿OLQHV￿IRU￿SKHQRW\SHV￿RQO\￿UHVXOWLQJ￿
IURP￿ H[SUHVVLRQ￿ RI￿ WKH￿ WUDQVJHQH￿ ￿+DQVHQ￿ ￿￿ :ULJKW￿￿ ￿￿￿￿￿￿￿ 7LVVXH￿ FXOWXUH￿
GHSHQGHQW￿WUDQVIRUPDWLRQ￿LV￿ODERULRXV￿￿H[SHQVLYH￿DQG￿UHTXLUHV￿JUHDW￿H[SHUWLVH￿￿￿
6SHFLHV￿ ZLWK￿ GLIILFXOWLHV￿ WR￿ UHJHQHUDWH￿ PD\￿ EH￿ WUDQVIRUPHG￿ XVLQJ￿ LQ￿ SODQWD￿
PHWKRGV￿￿ZKLFK￿DYRLG￿WKH￿WLVVXH￿FXOWXUH￿VWHS￿DQG￿DVVRFLDWHG￿SUREOHPV￿￿,Q￿SODQWD￿
WUDQVIRUPDWLRQ￿LQYROYHV￿WKH￿GHOLYHU\￿RI￿WUDQVJHQHV￿LQWR￿LQWDFW￿SODQWV￿HLWKHU￿DV￿QDNHG￿
'1$￿ RU￿ E\￿ PHDQV￿ RI￿ $JUREDFWHULXP￿￿ $￿ QXPEHU￿ RI￿ DSSURDFKHV￿ WR￿ LQ￿ SODQWD￿
WUDQVIRUPDWLRQ￿ KDYH￿ EHHQ￿ XVHG￿ LQ￿ D￿ YDULHW\￿ RI￿ SODQW￿ VSHFLHV￿￿ 7KHVH￿ LQFOXGH￿
LQRFXODWLRQ￿RI￿VHHGV￿ZLWK￿$JUREDFWHULXP￿￿)HOGPDQQ￿￿￿0DUNV￿￿￿￿￿￿￿￿IROORZHG￿E\￿
VHOHFWLRQ￿RI￿SURJHQ\￿￿YDFXXP￿LQILOWUDWLRQ￿RI￿VHHGOLQJV￿￿RU￿IORZHULQJ￿SODQWV￿￿7ULHX￿HW￿





















$￿ YDULHW\￿ RI￿ WHFKQLTXHV￿ IRU￿ FHOO￿￿ WLVVXH￿ DQG￿ RUJDQ￿ FXOWXUH￿ LQFOXGLQJ￿ HPEU\R￿
UHVFXH￿￿ PLFURSURSDJDWLRQ￿ DQG￿ UHJHQHUDWLRQ￿ WKDW￿ ZRXOG￿ EH￿ XVHIXO￿ LQ￿ VHVDPH￿
LPSURYHPHQW￿￿KDYH￿EHHQ￿LQYHVWLJDWHG￿￿$VKUL￿￿￿￿￿￿￿￿￿$OWKRXJK￿PXFK￿HIIRUW￿LV￿SXW￿












SUREOHP￿ RI￿ UHFDOFLWUDQFH￿ WR￿ UHJHQHUDWLRQ￿ SUHVHQWV￿ D￿ PDMRU￿ REVWDFOH￿ WR￿ WKH￿
DSSOLFDWLRQ￿ RI￿ JHQHWLF￿ WUDQVIRUPDWLRQ￿ RQ￿ WKLV￿ FURS￿￿ 6R￿ IDU￿￿ WKH￿ XVH￿ RI￿ JHQHWLF￿
HQJLQHHULQJ￿ IRU￿ WKH￿ LPSURYHPHQW￿ RI￿ VHVDPH￿ KDV￿ EHHQ￿ OLPLWHG￿ E\￿ ODFN￿ RI￿ D￿





7KH￿ SROOHQ￿ WXEH￿ SDWKZD\￿ RI￿ WUDQVIRUPDWLRQ￿ ZKLFK￿ KDV￿ EHHQ￿ UHSRUWHG￿ WR￿ EH￿
LUUHSURGXFLEOH￿ ￿6KRX￿￿ 3DOPHU￿ ￿￿ :DQJ￿￿ ￿￿￿￿￿￿￿ ZDV￿ UHFHQWO\￿ XVHG￿ WR￿ SURGXFH￿







PLG￿￿￿￿￿V￿ VXUSOXV￿ TXDQWLWLHV￿ RI￿ LQH[SHQVLYH￿ SDOP￿ RLO￿ HQWHUHG￿ WKH￿ (DVW￿ $IULFDQ￿









:H\HVVD￿ ￿￿ 8UDJH￿￿ ￿￿￿￿￿￿￿ DQG￿ (J\SW￿ ￿,EUDKLP￿￿ ￿￿￿￿￿￿ LV￿ RQH￿ FDQGLGDWH￿ IRU￿
LPSURYHPHQW￿￿7R￿SURPRWH￿LWV￿SURGXFWLRQ￿LQ￿(DVWHUQ￿$IULFD￿￿D￿UHJLRQDO￿UHVHDUFK￿VXE￿
QHWZRUN￿ZLWK￿D￿IRFXV￿RQ￿VHVDPH￿KDV￿EHHQ￿HVWDEOLVKHG￿￿2PUDQ￿￿￿￿￿￿￿￿￿




















SURGXFWLRQ￿ RI￿ QRYHO￿ RLOV￿￿ *HQHWLF￿ WUDQVIRUPDWLRQ￿ RI￿ VHVDPH￿ ZLWK￿ FHUWDLQ￿ JHQHV￿
LQYROYHG￿ LQ￿ IDWW\￿ DFLG￿ V\QWKHVLV￿ ZLOO￿ SURYLGH￿ D￿ PHDQV￿ WR￿ HIIHFW￿ FKDQJHV￿ LQ￿ RLO￿
FRPSRVLWLRQ￿￿￿6HYHUDO￿RI￿WKHVH￿JHQHV￿KDYH￿EHHQ￿FORQHG￿IURP￿VHVDPH￿￿UHYLHZHG￿
KHUHLQ￿￿￿DQG￿PDQ\￿RWKHU￿XVHIXO￿RQHV￿IURP￿YDULRXV￿SODQW￿VSHFLHV￿￿)RU￿H[DPSOH￿￿WKH￿
DF\O￿$&3￿ WKLRHVWHUDVHV￿ ￿+DZNLQV￿ ￿￿ .ULGO￿￿ ￿￿￿￿￿￿ FORQHG￿ IURP￿ PDQJRVWHHQ￿
￿*DUFLQLD￿ PDQJRVWDQD￿￿ DQG￿ XVHG￿ WR￿ WUDQVIRUP￿ FDQROD￿ UHVXOWLQJ￿ LQ￿ D￿ GUDPDWLF￿￿ ￿￿￿
LQFUHDVH￿LQ￿VWHDULF￿DFLG￿IURP￿WKH￿QRUPDO￿￿￿￿LQ￿ZLOG￿W\SH￿SODQWV￿WR￿D￿PD[LPXP￿RI￿













￿￿￿ &ORQH￿ DQG￿ FKDUDFWHULVH￿ WKH￿ VHHG￿ VSHFLILF￿ PLFURVRPDO￿ ￿￿￿ ROHR\O￿3&￿







0DWHULDOV￿ IRU￿ IDWW\￿ DFLG￿ DQDO\VLV￿ ZHUH￿ ILHOG￿JURZQ￿ ZKLOH￿ WKRVH￿ XVHG￿ IRU￿ IORUDO￿





)LHOG￿ HYDOXDWLRQ￿ RI￿ WKH￿ VHVDPH￿ JHUPSODVP￿ ZDV￿ LQLWLDWHG￿ LQ￿ WKH￿ \HDU￿ ￿￿￿￿￿ LQ￿
:HVWHUQ￿.HQ\D￿DQG￿UHSHDWHG￿\HDUO\￿XS￿WR￿￿￿￿￿￿￿6HHGV￿KDUYHVWHG￿IURP￿WKH￿ILHOG￿
















,Q￿ RQH￿ RI￿ WKH￿ UHJHQHUDWLRQ￿ H[SHULPHQWV￿ FRQGXFWHG￿￿ WKH￿ HIIHFW￿ RI￿ VXFURVH￿
FRQFHQWUDWLRQ￿RQ￿FDOOXV￿LQGXFWLRQ￿DQG￿VKRRW￿IRUPDWLRQ￿IURP￿FRW\OHGRQ￿H[SODQWV￿ZDV￿

















IORUDO￿ GLS￿ ￿3DSHU￿ ,,,￿￿￿ SROOHQ￿ LQILOWUDWLRQ￿ RU￿ RQH￿ RI￿ WZR￿ DSSURDFKHV￿ WR￿ WKH￿
$JUREDFWHULXP￿VXVSHQVLRQ￿GURS￿PHWKRG￿GHVFULEHG￿LQ￿GHWDLO￿EHORZ￿￿
,Q￿ WKH￿ IORUDO￿ GLS￿ WUDQVIRUPDWLRQ￿ PHWKRG￿ WKH￿ LQIOXHQFH￿ RI￿ IORZHU￿ EXG￿ DJH￿￿
VXUIDFWDQW￿ FRQFHQWUDWLRQ￿ DQG￿ EDFWHULDO￿ VWUDLQ￿ ZHUH￿ LQYHVWLJDWHG￿￿ ,Q￿ HDFK￿ RI￿ WKH￿
PHWKRGV￿WHVWHG￿￿VHHGV￿KDUYHVWHG￿IURP￿LQRFXODWHG￿VHVDPH￿SODQWV￿ZHUH￿VFUHHQHG￿IRU￿
WUDQVIRUPDQWV￿RQ￿VHOHFWLRQ￿PHGLXP￿FRQWDLQLQJ￿D￿SUHYLRXVO\￿GHWHUPLQHG￿DPRXQW￿RI￿






IORUDO￿ WUDQVIRUPDWLRQ￿ H[SHULPHQWV￿ LQYROYLQJ￿ WKUHH￿ DOWHUQDWLYH￿ DSSURDFKHV￿ WR￿
LQRFXODWLRQ￿ RI￿ PDWXUH￿ IORZHUV￿￿ 7KH￿ HIIHFW￿ RI￿ $JUREDFWHULXP￿ VWUDLQ￿ RQ￿ IORUDO￿
WUDQVIRUPDWLRQ￿ZDV￿WHVWHG￿XVLQJ￿WKH￿WKUHH￿VWUDLQV￿￿(+$￿￿￿￿￿￿*9￿￿￿￿￿DQG￿*9￿￿￿￿￿￿
7HQ￿PLOOLOLWUH￿FXOWXUHV￿RI￿WKH￿EDFWHULD￿ZHUH￿JURZQ￿LQ￿/%￿￿6DPEURRN￿￿)ULWVFK￿￿￿

































FURSV￿ ￿%XUWRQ￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿ 5RMDV￿%DUURV￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿￿ $OWKRXJK￿ PDQ\￿ GLYHUVH￿
FXOWLYDUV￿RI￿VHVDPH￿DUH￿JURZQ￿LQ￿(DVW￿$IULFD￿￿LQIRUPDWLRQ￿RQ￿WKHLU￿RLO￿FRQWHQW￿DQG￿￿￿ ￿ ￿
FRPSRVLWLRQ￿ LV￿ OLPLWHG￿￿ 6WDEOH￿ RLO￿UHODWHG￿ SKHQRW\SHV￿ DUH￿ YDOXDEOH￿ ERWK￿ LQ￿
FRPPHUFLDO￿ SURGXFWLRQ￿ DQG￿ YDULHW\￿ GHYHORSPHQW￿￿ 7KHUHIRUH￿￿ WKLV￿ VWXG\￿ ZDV￿
FRQGXFWHG￿WR￿LGHQWLI\￿DFFHVVLRQV￿KDYLQJ￿LQKHUHQWO\￿KLJK￿RLO￿FRQWHQW￿DQG￿XQLTXH￿IDWW\￿
DFLG￿ SURILOHV￿ WKDW￿ FRXOG￿ EH￿ FRQVLGHUHG￿ IRU￿ LQFRUSRUDWLRQ￿ LQWR￿ VHVDPH￿ EUHHGLQJ￿
SURJUDPV￿LQ￿WKH￿UHJLRQ￿￿3DSHU￿,￿￿￿
,QLWLDOO\￿ D￿ PHWKRG￿ IRU￿ VLPXOWDQHRXV￿ H[WUDFWLRQ￿ RI￿ RLO￿ IURP￿ LQWDFW￿ VHHGV￿ DQG￿
PHWK\ODWLRQ￿RI￿WKH￿IDWW\￿DFLGV￿ZDV￿VWDQGDUGLVHG￿XVLQJ￿WZR￿DFFHVVLRQV￿UHSUHVHQWLQJ￿










￿￿￿￿￿ IRU￿ PRVW￿ DFFHVVLRQV￿￿ 7KHVH￿ UHVXOWV￿ KDYH￿ UHYHDOHG￿ WKDW￿ WKHUH￿ LV￿ VXIILFLHQW￿
GLYHUVLW\￿IRU￿RLO￿FRQWHQW￿LQ￿VHVDPH￿IURP￿(DVW￿$IULFD￿￿$OWKRXJK￿VXSHULRU￿DFFHVVLRQV￿
ZLWK￿RLO￿FRQWHQW￿DERYH￿￿￿￿￿ZHUH￿QRW￿HQFRXQWHUHG￿￿WKH\￿ZRXOG￿SUREDEO\￿EH￿IRXQG￿LI￿





￿￿￿￿￿￿￿￿￿￿ IROORZHG￿ E\￿ ROHLF￿ ￿￿￿￿￿￿￿￿￿￿￿￿ SDOPLWLF￿ ￿￿￿￿￿￿￿￿￿￿￿ DQG￿ VWHDULF￿ ￿￿￿￿￿














FURSV￿ ￿+ROODQG￿￿ )UH\￿ ￿￿ +DPPRQG￿￿ ￿￿￿￿￿￿ 0|OOHUV￿ ￿￿ 6FKLHUKROW￿￿ ￿￿￿￿￿￿￿ 7KHVH￿
ILQGLQJV￿LQGLFDWH￿WKDW￿LW￿PD\￿EH￿SRVVLEOH￿WR￿VHOHFW￿IRU￿KLJK￿RLO￿FRQWHQW￿FRQFXUUHQWO\￿
ZLWK￿ KLJK￿ VWHDULF￿ DQG￿ ROHLF￿ DFLGV￿￿ 7KH￿XWLOLW\￿RI￿WKHVH￿UHODWLRQVKLSV￿LQ￿EUHHGLQJ￿
VKRXOG￿KRZHYHU￿EH￿HVWDEOLVKHG￿WKURXJK￿IXUWKHU￿LQYHVWLJDWLRQ￿￿￿ ￿￿￿





















LQIOXHQFH￿ DGYHQWLWLRXV￿ VKRRW￿ UHJHQHUDWLRQ￿ ZHUH￿ LQYHVWLJDWHG￿ ￿3DSHU￿ ,,￿￿￿ 7KHVH￿




KRUPRQH￿ FRPELQDWLRQV￿ IRU￿ VKRRW￿ DQG￿ URRW￿ UHJHQHUDWLRQ￿￿ ,Q￿ WKH￿ SUHVHQFH￿ RI￿
KRUPRQHV￿￿PRGLILHG￿06￿PHGLXP￿FRQWDLQLQJ￿1￿￿PDFURQXWULHQWV￿JDYH￿EHWWHU￿VKRRW￿
IRUPDWLRQ￿DQG￿UHGXFHG￿WKH￿WHQGHQF\￿WR￿UHJHQHUDWH￿URRWV￿FRPSDUHG￿WR￿PHGLXP￿ZLWK￿







VXE￿HSLGHUPDO￿ FHOO￿ OD\HUV￿ DW￿ WKH￿ EDVDO￿ SDUW￿ RI￿ WKH￿ H[SODQWV￿ ￿)LJ￿￿ ￿￿￿￿ +\SRFRW\O￿











WKDQ￿ %$￿ IRU￿ UHJHQHUDWLRQ￿ LQ￿ PDQ\￿ KHUEDFHRXV￿ SODQWV￿ ￿&DVDQRYD￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿
:LQNHOPDQQ￿￿ .DYLDQL￿ ￿￿ 6HUHN￿￿ ￿￿￿￿￿￿ EXW￿ KDV￿ QRW￿ EHHQ￿ XVHG￿ IRU￿ VHVDPH￿









6XFURVH￿ DW￿ ￿￿￿￿￿ ￿Z￿Y￿￿ JDYH￿ WKH￿ KLJKHVW￿ QXPEHU￿ RI￿ VKRRWV￿ SURGXFHG￿ SHU￿
UHVSRQGLQJ￿H[SODQW￿DQG￿UHGXFHG￿WKH￿LQFLGHQFH￿RI￿YLWULILHG￿VKRRWV￿￿6LPLODU￿UHVXOWV￿
KDYH￿EHHQ￿REWDLQHG￿IRU￿PLFURSURSDJDWLRQ￿RI￿VHVDPH￿￿*DQJRSDGK\D\￿￿3RGGDU￿￿￿
*XSWD￿￿ ￿￿￿￿￿￿￿ 6XFURVH￿ LV￿ D￿ FDUERQ￿ VRXUFH￿ EXW￿ DOVR￿ SOD\V￿ D￿ UHJXODWRU\￿ UROH￿ RQ￿
PRUSKRJHQHVLV￿￿*HRUJH￿￿￿￿￿￿￿￿￿
([￿(O￿ZDV￿WKH￿EHVW￿FXOWLYDU￿￿SURGXFLQJ￿￿￿￿￿VKRRWV￿SHU￿UHJHQHUDWHG￿H[SODQW￿DW￿D￿
UHJHQHUDWLRQ￿ IUHTXHQF\￿ RI￿ ￿￿￿￿￿ 7KH￿ ORZHVW￿ UHJHQHUDWLRQ￿ IUHTXHQF\￿ ￿￿￿￿￿￿ DQG￿


















XVHG￿ LQ￿ RWKHU￿ FURSV￿￿ $PRQJ￿ WKHP￿ DUH￿ IORUDO￿ GLS￿ ￿&XUWLV￿ ￿￿ 1DP￿￿ ￿￿￿￿￿￿￿




$￿ SUH￿GHWHUPLQHG￿ NDQDP\FLQ￿ FRQFHQWUDWLRQ￿ RI￿ ￿￿￿ PJ￿/￿ ZDV￿ XVHG￿ WR￿ VHOHFW￿
WUDQVIRUPDQWV￿LQ￿YLWUR￿￿7UDQVIRUPDWLRQ￿ZDV￿FRQILUPHG￿XVLQJ￿WKH￿SRO\PHUDVH￿FKDLQ￿
UHDFWLRQ￿￿3&5￿￿DQG￿YLVXDOL]DWLRQ￿RI￿JUHHQ￿IOXRUHVFHQW￿SURWHLQ￿￿*)3￿￿H[SUHVVLRQ￿LQ￿
NDQDP\FLQ￿ UHVLVWDQW￿ SODQWV￿ ￿)LJ￿￿ ￿￿￿￿ )RU￿ WKH￿ IORUDO￿ GLS￿ PHWKRG￿ ￿SDSHU￿ ,,,￿￿￿
WUDQVIRUPDQWV￿ ZHUH￿ REWDLQHG￿ DW￿ D￿ IUHTXHQF\￿ RI￿ ￿￿￿￿￿ ZKHQ￿ ￿￿￿￿￿￿ ￿Y￿Y￿￿ RI￿ WKH￿
VXUIDFWDQW￿6LOZHW￿/￿￿￿￿ZDV￿DGGHG￿WR￿WKH￿GLSSLQJ￿PHGLXP￿￿$￿ORZHU￿FRQFHQWUDWLRQ￿RI￿
￿￿￿￿￿￿ ￿Y￿Y￿￿ ZDV￿ LQHIIHFWLYH￿ IRU￿ WUDQVIRUPDWLRQ￿￿ \LHOGLQJ￿ QR￿ WUDQVJHQLF￿ SODQWV￿￿













KDYH￿ DIIHFWHG￿ UHSURGXFWLYH￿ GHYHORSPHQW￿ LQ￿ WKHVH￿ EXGV￿￿ OHDGLQJ￿ WR￿ ORZ￿ VHHG￿










IRU￿ WUDQVIRUPDWLRQ￿ ￿7DEOH￿ ￿￿￿￿ WKH￿ EHVW￿ WUDQVIRUPDWLRQ￿ UDWH￿ ￿PHDQ￿ ￿￿￿￿￿￿￿ ZDV￿
REWDLQHG￿ ZKHQ￿ $JUREDFWHULXP￿ VXVSHQVLRQ￿ ZDV￿ DSSOLHG￿ WR￿ WKH￿ VWLJPD￿ EHIRUH￿
SROOLQDWLRQ￿￿ +RZHYHU￿￿ ZKHQ￿ WKH￿ $JUREDFWHULXP￿ VXVSHQVLRQ￿ ZDV￿ DSSOLHG￿ WR￿ WKH￿
VWLJPD￿ DIWHU￿ VHOI￿SROOLQDWLRQ￿ WKH￿ WUDQVIRUPDWLRQ￿ IUHTXHQF\￿ ZDV￿ YHU\￿ ORZ￿ ￿PHDQ￿
￿￿￿￿￿￿￿3ROOHQ￿￿LQILOWUDWHG￿ZLWK￿$JUREDFWHULXP￿DQG￿DSSOLHG￿WR￿WKH￿VWLJPD￿JDYH￿D￿
PHDQ￿WUDQVIRUPDWLRQ￿IUHTXHQF\￿RI￿￿￿￿￿￿￿￿7KHVH￿UHVXOWV￿FRQWUDVW￿ZLWK￿WKH￿VWXG\￿E\￿
7MRNURNXVXPR￿￿ +HLQULFK￿ ￿￿ :\OLH￿￿ ￿￿￿￿￿￿￿￿ZKR￿REWDLQHG￿VLPLODU￿WUDQVIRUPDWLRQ￿
IUHTXHQFLHV￿￿ ZKHQ￿ WKH\￿ FRPSDUHG￿ LQRFXODWLRQ￿ EHIRUH￿ SROOLQDWLRQ￿ DQG￿ SROOHQ￿
LQILOWUDWLRQ￿WUDQVIRUPDWLRQ￿￿2XU￿ILQGLQJV￿PLJKW￿VXJJHVW￿WKDW￿WKH￿SURFHGXUH￿XVHG￿IRU￿
SROOHQ￿LQILOWUDWLRQ￿LQ￿WKH￿SUHVHQW￿VWXG\￿ZRXOG￿UHTXLUH￿VRPH￿RSWLPL]DWLRQ￿WR￿DFKLHYH￿
EHWWHU￿ UHVXOWV￿￿ 0RVW￿ OLNHO\￿ WKH￿ FRQFHQWUDWLRQ￿ RI￿ WKH￿ YDULRXV￿ FRPSRQHQWV￿ RI￿ WKH￿
SROOHQ￿JHUPLQDWLRQ￿PHGLXP￿QHHGV￿WR￿EH￿WHVWHG￿WR￿GHWHUPLQH￿WKH￿RSWLPDO￿PHGLXP￿
FRPSRVLWLRQ￿￿7KH￿PHGLXP￿XVHG￿KHUH￿JLYHV￿XS￿WR￿￿￿￿￿JHUPLQDWLRQ￿￿3IDKOHU￿￿3HUHLUD￿
￿￿ %DUQHW￿￿ ￿￿￿￿￿￿￿ 7KH￿ ORZ￿ JHUPLQDWLRQ￿ IUHTXHQF\￿ FRXOG￿ KDYH￿ FRQWULEXWHG￿ WR￿
UHGXFHG￿ HIILFLHQF\￿ RI￿ WKH￿ SROOHQ￿ LQILOWUDWLRQ￿ SURFHGXUH￿ IRU￿ WUDQVIRUPDWLRQ￿￿
$JUREDFWHULXP￿ VWUDLQV￿ (+$￿ ￿￿￿￿ DQG￿ *9￿￿￿￿￿ JDYH￿ VLPLODU￿ IUHTXHQFLHV￿ RI￿
WUDQVJHQLF￿ SODQWV￿ ￿￿￿￿￿ DQG￿ ￿￿￿￿￿￿￿ ZKLOH￿ *9￿￿￿￿￿ KDG￿ WKH￿ ORZHVW￿ ￿￿￿￿￿￿￿￿
LQGLFDWLYH￿ RI￿ GLIIHUHQFHV￿ LQ￿ VWUDLQ￿ YLUXOHQFH￿￿ *HQRW\SLF￿ GLIIHUHQFHV￿ IRU￿
WUDQVIRUPDWLRQ￿ZHUH￿HYLGHQW￿DPRQJ￿WKH￿WKUHH￿FXOWLYDUV￿WHVWHG￿￿7KH￿EHVW￿FXOWLYDU￿ZDV￿
0F%ODFN￿ ￿￿￿￿￿￿￿￿ ZKLOH￿ 0F:KLWH￿ ￿￿￿￿￿￿￿ ZDV￿ WKH￿ OHDVW￿ VXVFHSWLEOH￿ WR￿
WUDQVIRUPDWLRQ￿ E\￿ LQRFXODWLRQ￿ RI￿ PDWXUH￿ IORZHUV￿￿ *HQRW\SLF￿ GLIIHUHQFHV￿ IRU￿
WUDQVIRUPDWLRQ￿ XVLQJ￿ $JUREDFWHULXP￿ DUH￿ FRPPRQO\￿ HQFRXQWHUHG￿ ￿+DOLORJOX￿ ￿￿





WUDQVIRUPDWLRQ￿ IUHTXHQFLHV￿ UDQJLQJ￿ EHWZHHQ￿ ￿￿￿￿￿ DQG￿ ￿￿￿￿ ZHUH￿ REWDLQHG￿
GHSHQGLQJ￿ RQ￿ WKH￿ PHWKRG￿ XVHG￿￿ 3ROOLQDWLRQ￿ DIWHU￿ LQRFXODWLRQ￿ RI￿ PDWXUH￿ IORZHUV￿
























0F%ODFN￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿￿
$￿ *9￿￿￿￿￿ 0WZDUD￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿
$￿ *9￿￿￿￿￿ 0F:KLWH￿ ￿￿￿ ￿￿ ￿￿￿￿
$￿6XPPDU\￿ ￿ ￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿
%￿ (+$￿
￿￿￿￿
0F:KLWH￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
%￿ *9￿￿￿￿￿ 0F%ODFN￿ ￿￿￿￿ ￿￿ ￿￿￿￿
%￿ *9￿￿￿￿￿ 0WZDUD￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿
%￿6XPPDU\￿ ￿ ￿ ￿￿￿￿￿ ￿￿￿ ￿￿￿￿
&￿￿ (+$￿
￿￿￿￿
0WZDUD￿￿￿ ￿￿￿ ￿￿ ￿￿￿￿￿
&￿ *9￿￿￿￿￿ 0F:KLWH￿ ￿￿￿￿ ￿￿ ￿￿￿￿
&￿ *9￿￿￿￿￿ 0F%ODFN￿ ￿￿￿ ￿￿￿ ￿￿￿￿￿









IURP￿ VHVDPH￿ DQG￿ FKDUDFWHUL]HG￿ LW￿ E\￿ VHTXHQFH￿ FRPSDULVRQ￿ WR￿ ￿￿￿ROHDWH￿
GHVDWXUDVHV￿EXW￿GLG￿QRW￿SUHVHQW￿GHILQLWLYH￿SURRI￿RI￿LWV￿IXQFWLRQ￿￿,Q￿WKH￿UHFHQW￿SDVW￿￿








%DVHG￿ RQ￿ WKH￿ SUHVHQW￿ NQRZOHGJH￿ DERXW￿ WKH￿ )$'￿￿OLNH￿ HQ]\PHV￿ ROHLF￿ DFLG￿
PRGLILFDWLRQ￿DW￿WKH￿ ￿￿￿SRVLWLRQ￿VKRXOG￿\LHOG￿ILYH￿NLQGV￿RI￿IDWW\￿DFLGV￿QDPHO\￿￿
K\GUR[\ODWHG￿￿HSR[LGDWHG￿￿DFHW\OHQLF￿￿FRQMXJDWHG￿DQG￿WUDQV￿IDWW\￿DFLGV￿￿-DZRUVNL￿￿￿
&DKRRQ￿￿ ￿￿￿￿￿￿￿ 7KHVH￿ XQXVXDO￿ IDWW\￿ DFLGV￿ KDYH￿ SRWHQWLDO￿ XVH￿ DV￿ DQ￿ DOWHUQDWLYH￿￿￿ ￿ ￿
VRXUFH￿RI￿LQGXVWULDO￿UDZ￿PDWHULDOV￿IRU￿FRPPHUFLDO￿SURGXFWLRQ￿RI￿SRO\PHUV￿￿FRDWLQJV￿





















FRQILUPHG￿ WKDW￿ UHGXFHG￿ VXEVWUDWH￿ DYDLODELOLW\￿ FRQWULEXWHV￿ WR￿ WKH￿ ORZ￿ \LHOG￿ RI￿
K\GUR[\￿IDWW\￿DFLGV￿LQ￿WUDQVJHQLF￿$￿￿WKDOLDQD￿￿7UDQVJHQLF￿HSR[\￿OLQHV￿H[SUHVVLQJ￿
WKH￿VHVDPH￿GHVDWXUDVH￿SURGXFHG￿D￿KLJKHU￿DPRXQW￿RI￿XQXVXDO￿IDWW\￿DFLGV￿DQG￿OLQROHLF￿







HVWDEOLVKHG￿￿ ,Q￿ WKH￿ FDVH￿ RI￿ WKH￿ DFHW\OHQDVH￿￿ FR￿H[SUHVVLRQ￿ ZLWK￿ WKH￿ GHVDWXUDVH￿
UHVXOWHG￿LQ￿DQ￿LQFUHDVH￿LQ￿OLQROHLF￿DFLG￿DFFRPSDQLHG￿E\￿DQ￿XQH[SHFWHG￿GHFUHDVH￿LQ￿
FUHSHQ\QLF￿ DFLG￿￿ 7KLV￿ KDV￿ QRW￿ EHHQ￿ UHSRUWHG￿ EHIRUH￿￿ DQG￿ LPSOLHV￿ WKDW￿ IRU￿ WKH￿
DFHW\OHQDVH￿ OLQROHLF￿ DFLG￿ VXEVWUDWH￿ DYDLODELOLW\￿ LV￿ QRW￿ D￿ NH\￿ IDFWRU￿ OLPLWLQJ￿
FUHSHQ\QLF￿DFLG￿SURGXFWLRQ￿￿7DNHQ￿WRJHWKHU￿￿UHVXOWV￿REWDLQHG￿IURP￿FR￿H[SUHVVLRQ￿
VWXGLHV￿ VKRZ￿ WKDW￿ VXEVWUDWH￿ DYDLODELOLW\￿ DORQH￿ FDQQRW￿ H[SODLQ￿ WKH￿ ORZ￿ \LHOG￿ RI￿




TXDQWLWLHV￿ LQ￿ VHHG￿ RLOV￿￿ 7R￿ LQFUHDVH￿ WKH￿ \LHOG￿ RI￿ WKHVH￿ IDWW\￿ DFLGV￿￿ LW￿ PLJKW￿ EH￿
QHFHVVDU\￿WR￿FR￿WUDQVIRUP￿WKH￿)$'￿￿OLNH￿JHQHV￿ZLWK￿DQ￿DF\OWUDQVIHUDVH￿OLNH￿3'$7￿
KDYLQJ￿VSHFLILFLW\￿IRU￿WKH￿WUDQVIHU￿RI￿DF\O￿JURXSV￿IURP￿WKH￿VQ￿￿￿SRVLWLRQ￿RI￿3&￿WR￿￿ ￿￿￿
7$*￿￿ DV￿ LW￿ KDV￿ EHHQ￿ VXJJHVWHG￿ EHIRUH￿ ￿6WDKO￿ HW￿ DO￿￿￿ ￿￿￿￿￿￿￿ ,W￿ UHPDLQV￿ WR￿ EH￿
GHWHUPLQHG￿ZKHWKHU￿WKLV￿DSSURDFK￿ZLOO￿VROYH￿WKH￿SUREOHP￿￿￿
7KLV￿ VWXG\￿ KDV￿ GHPRQVWUDWHG￿ WKDW￿ D￿ VHHG￿VSHFLILF￿ VHVDPH￿ F'1$￿ ZLWK￿ FORVH￿
VLPLODULW\￿WR￿ ￿￿￿ROHDWH￿GHVDWXUDVHV￿HQFRGHV￿D￿IXQFWLRQDO￿HQ]\PH￿￿7KH￿VWXG\￿DOVR￿








PHWKRG￿ IRU￿ WKH￿ UHJHQHUDWLRQ￿ RI￿ VHVDPH￿ IURP￿ VHHGOLQJ￿ FRW\OHGRQV￿ KDV￿ EHHQ￿
GHYHORSHG￿￿ZKLFK￿XSRQ￿IXUWKHU￿RSWLPL]DWLRQ￿ZLOO￿EH￿XVHIXO￿IRU￿HVWDEOLVKLQJ￿DQ￿LQ￿
YLWUR￿WUDQVIRUPDWLRQ￿V\VWHP￿IRU￿WKH￿FURS￿￿,Q￿WKH￿PHDQWLPH￿￿IORUDO￿WUDQVIRUPDWLRQ￿













UHVRXUFHV￿ IRU￿ JHQHWLF￿ LPSURYHPHQW￿ RI￿ VHVDPH￿ RLO￿￿ ,PSURYHPHQW￿ WKURXJK￿
FRQYHQWLRQDO￿PHWKRGV￿VKRXOG￿EH￿SXUVXHG￿DORQJVLGH￿JHQHWLF￿HQJLQHHULQJ￿DOWKRXJK￿
WKLV￿PLJKW￿UHTXLUH￿LGHQWLI\LQJ￿PRUH￿VRXUFHV￿RI￿YDULDWLRQ￿IRU￿VLJQLILFDQW￿DOWHUDWLRQ￿RI￿
WKH￿ IDWW\￿ DFLG￿ FRPSRVLWLRQ￿￿ :LWK￿ UHJDUG￿ WR￿ GHYHORSPHQW￿ RI￿ UHJHQHUDWLRQ￿ DQG￿
WUDQVIRUPDWLRQ￿SURFHGXUHV￿￿LW￿PD\￿EH￿QHFHVVDU\￿WR￿LPSURYH￿WKH￿PHWKRGV￿GHVFULEHG￿
LQ￿WKH￿SUHVHQW￿ZRUN￿￿,Q￿WKH￿FDVH￿RI￿LQ￿YLWUR￿UHJHQHUDWLRQ￿VFUHHQLQJ￿GLYHUVH￿FXOWLYDUV￿




QHHG￿ IXUWKHU￿ LQYHVWLJDWLRQ￿ RI￿ WKH￿ SDUDPHWHUV￿ WHVWHG￿ LQ￿ WKLV￿ ZRUN￿ XVLQJ￿ PRUH￿
V\VWHPDWLF￿DQDO\VLV￿WKDW￿ZRXOG￿XQYHLO￿LQWHUDFWLRQV￿DPRQJ￿WKH￿YDULRXV￿IDFWRUV￿￿,Q￿WKLV￿




































QHWZRUN￿￿ SS￿ ￿￿￿￿￿￿￿ ￿(G￿￿ $￿￿ 2PUDQ￿￿￿ 3URFHHGLQJV￿ RI￿ MRLQW￿ ￿QG￿ ZRUNVKRS￿ ￿￿￿￿WK￿
6HSWHPEHU￿￿￿￿￿￿￿&DLUR￿(J\SW￿￿
%KDWWDFKDU\\D￿￿6￿￿￿%KDWWDFKDU\\D￿￿'￿￿.￿￿￿￿'H￿%￿￿.￿￿￿￿￿￿￿￿0RGLILFDWLRQ￿RI￿WDOORZ￿IUDFWLRQV￿
LQ￿ WKH￿ SUHSDUDWLRQ￿ RI￿ HGLEOH￿ IDW￿ SURGXFWV￿￿ (XURSHDQ￿ MRXUQDO￿ RI￿ OLSLG￿ VFLHQFH￿ DQG￿
WHFKQRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿





















VHQVH￿ DQG￿ DQWLVHQVH￿ PHWKRGRORJLHV￿ IRU￿ PRGLI\LQJ￿ WKH￿ IDWW\￿ DFLG￿ FRPSRVLWLRQ￿ RI￿
$UDELGRSVLV￿WKDOLDQD￿RLOVHHG￿￿3ODQW￿VFLHQFH￿￿￿￿￿￿￿￿￿±￿￿￿￿￿
&DVDQRYD￿￿(￿￿￿9DOGpV￿￿$￿￿(￿￿￿)HUQiQGH]￿￿%￿￿￿0R\VVHW￿￿/￿￿￿￿7ULOODV￿￿0￿￿,￿￿￿￿￿￿￿￿/HYHOV￿DQG￿













%DLOH\￿￿ E\￿ IORUDO￿GLS￿ PHWKRG￿￿ SODQW￿ GHYHORSPHQW￿ DQG￿ VXUIDFWDQW￿ DUH￿ LPSRUWDQW￿ LQ￿
RSWLPLVLQJ￿WUDQVIRUPDWLRQ￿HIILFLHQF\￿￿7UDQVJHQLF￿UHVHDUFK￿￿￿￿￿￿￿￿±￿￿￿￿￿
'DEDX]D￿￿0￿￿￿￿3HQD￿￿/￿￿￿￿￿￿￿￿5HVSRQVH￿RI￿VZHHW￿SHSSHU￿￿&DSVLFXP￿DQQXXP￿/￿￿￿JHQRW\SHV￿
WR￿ $JUREDFWHULXP￿ WXPHIDFLHQV￿ DV￿ D￿ PHDQV￿ RI￿ VHOHFWLQJ￿ SURSHU￿ YHFWRUV￿ IRU￿ JHQHWLF￿
WUDQVIRUPDWLRQ￿￿-RXUQDO￿RI￿KRUWLFXOWXUDO￿VFLHQFH￿￿￿ELRWHFKQRORJ\￿￿￿￿￿￿￿￿￿￿￿￿















)$267$7￿ 'DWD￿￿ ￿￿￿￿￿￿ )RRG￿ DQG￿ $JULFXOWXUH￿ 2UJDQL]DWLRQ￿ RI￿ WKH￿ 8QLWHG￿ 1DWLRQV￿￿
6WDWLVWLFDO￿'DWDEDVH￿￿KWWS￿￿￿IDRVWDW￿IDR￿RUJ￿￿















ZLWK￿ KLJK￿ UHVLVWDQFH￿ LQWURGXFHG￿ ZLWK￿ IRUHLJQ￿ '1$￿ E\￿ WKH￿ SROOHQ￿ WXEH￿ SDWK￿￿ &KLQHVH￿
MRXUQDO￿RI￿RLO￿FURS￿VFLHQFH￿￿￿￿￿￿￿￿￿













+DZNLQV￿￿ '￿￿ -￿￿ ￿￿ .ULGO￿￿ -￿￿ &￿￿ ￿￿￿￿￿￿ &KDUDFWHUL]DWLRQ￿ RI￿ DF\O￿$&3￿ WKLRHVWHUDVHV￿ RI￿





VSOLW￿ DSLFHV￿ DQG￿ UHK\GUDWLQJ￿ ZLWK￿ $JUREDFWHULXP￿ WXPHIDFLHQV￿ ￿$ ￿Q H Z ￿P H W K R G ￿I R U ￿
JHQHWLFDOO\￿ WUDQVIRUPLQJ￿ UHFDOFLWUDQW￿ VXQIORZHU￿￿ 3ODQW￿ PROHFXODU￿ ELRORJ\￿ UHSRUWHU￿ ￿￿￿￿
￿￿￿￿￿￿￿￿￿
+LEDVDPL￿￿+￿￿￿)XMLNDZD￿￿7￿￿￿7DNHGD￿￿+￿￿￿1LVKLEH￿￿6￿￿￿6DWRK￿￿7￿￿￿)XMLVDZD￿￿7￿￿￿￿1DNDVKLPD￿￿
.￿￿￿ ￿￿￿￿￿￿ ,QGXFWLRQ￿ RI￿ DSRSWRVLV￿ E\￿ $FDQWKRSDQD[￿ VHQWLFRVXV￿ +$506￿ DQG￿ LWV￿



















￿6HVDPXP￿ LQGLFXP￿￿ PLFURVRPDO￿ ROHLF￿ DFLG￿ GHVDWXUDVH￿ ￿)$'￿￿￿ JHQH￿￿ ￿￿
WK￿ 3ODQW￿ /LSLG￿
V\PSRVLXP￿￿ ￿￿￿￿ -XQH￿ ￿￿￿￿￿￿ %XGDSHVW￿￿ +XQJDU\￿￿ 3URJDPPH￿ DQG￿ $EVWUDFWV￿ RI￿
SUHVHQWDWLRQV￿￿S￿￿￿￿￿
.DPDO￿(OGLQ￿￿ $￿￿ ￿￿ $SSHOTYLVW￿ /￿￿ c￿￿ ￿￿￿￿D￿￿ 9DULDWLRQ￿ LQ￿ IDWW\￿ DFLG￿ FRPSRVLWLRQ￿ RI￿WKH￿
GLIIHUHQW￿DF\O￿OLSLGV￿LQ￿VHHG￿RLOV￿IURP￿IRXU￿6HVDPXP￿VSHFLHV￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ￿RLO￿
FKHPLVWV￿￿VRFLHW\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿




6HVDPXP￿ LQGLFXP￿ /￿￿ DQG￿ UHODWHG￿ ZLOG￿ VSHFLHV￿ LQ￿ 6XGDQ￿ ,￿￿ )DWW\￿ $FLGV￿ DQG￿
7ULDF\OJO\FHUROV￿￿)DW￿VFLHQFH￿DQG￿WHFKQRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
.KDQ￿￿ 0￿￿ 5￿￿￿ 5DVKLG￿￿ +￿￿￿ $QVDU￿￿ 0￿￿ ￿￿ &KDXGU\￿￿ =￿￿ ￿￿￿￿￿￿ +LJK￿ IUHTXHQF\￿ VKRRW￿







￿￿￿ WR￿ 0*￿ 9,,,￿￿ IRU￿ VRPDWLF￿ HPEU\RJHQHVLV￿ IROORZLQJ￿ $JUREDFWHULXP￿PHGLDWHG￿
WUDQVIRUPDWLRQ￿RI￿LPPDWXUH￿FRW\OHGRQV￿￿&URS￿VFLHQFH￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
/DQJKDP￿￿'￿￿5￿￿￿￿:LHPHUV￿￿7￿￿￿￿￿￿￿￿3URJUHVV￿LQ￿PHFKDQL]LQJ￿VHVDPH￿LQ￿WKH￿86￿WKURXJK￿
EUHHGLQJ￿￿ SS￿￿ ￿￿￿±￿￿￿￿￿ ,Q￿￿ 7UHQGV￿ LQ￿ QHZ￿ FURSV￿ DQG￿ QHZ￿ XVHV￿ ￿(GV￿￿ -￿￿ -DQLFN￿ ￿￿ $￿￿
:KLSNH\￿￿￿$6+6￿3UHVV￿￿$OH[DQGULD￿￿9$￿￿
/DSLQVNDV￿￿3￿￿￿￿￿￿￿￿2LO￿FURSV￿IRU￿WKH￿SKDUPDFHXWLFDO￿LQGXVWU\￿￿3S￿￿￿￿￿￿￿￿￿￿,Q￿￿6HHG￿VWRUDJH￿






/HH￿￿ 0￿￿￿ /HQPDQ￿￿ 0￿￿￿ %DQDV￿￿ $￿￿￿ %DIRU￿￿ 0￿￿￿ 6LQJK￿￿ 6￿￿￿ 6FKZHL]HU￿￿ 0￿￿￿ 1LOVVRQ￿￿ 5￿￿￿
/LOMLHQEHUJ￿￿&￿￿￿'DKOTYLVW￿￿$￿￿￿*XPPHVVRQ￿￿3￿￿2￿￿￿6M|GDKO￿￿6￿￿￿*UHHQ￿￿$￿￿￿￿6W\PQH￿￿6￿￿
￿￿￿￿￿￿ ,GHQWLILFDWLRQ￿ RI￿ QRQ￿KHPH￿ GLLURQ￿ SURWHLQV￿ WKDW￿ FDWDO\VH￿ WULSOH￿ ERQG￿ DQG￿ HSR[\￿
JURXS￿IRUPDWLRQ￿￿6FLHQFH￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
/HHODYDWKL￿￿6￿￿￿6XQQLFKDQ￿￿9￿￿*￿￿￿.XPULD￿￿5￿￿￿9LMD\NDQWK￿￿*￿￿3￿￿￿%KDWQDJDU￿￿5￿￿.￿￿￿￿5HGG\￿￿
9￿￿ 6￿￿ ￿￿￿￿￿￿ $￿ VLPSOH￿ DQG￿ UDSLG￿ $JUREDFWHULXP￿PHGLDWHG￿ WUDQVIRUPDWLRQ￿SURWRFRO￿IRU￿
FRWWRQ￿￿*RVV\SLXP￿KLUVXWXP￿/￿￿￿￿(PEU\RJHQLF￿FDOOL￿DV￿D￿VRXUFH￿WR￿JHQHUDWH￿ODUJH￿QXPEHUV￿
RI￿WUDQVJHQLF￿SODQWV￿￿3ODQW￿FHOO￿UHSRUWV￿￿￿￿￿￿￿￿￿￿￿￿￿￿












































([WHQVLRQ￿￿ :LVFRQVLQ￿ DQG￿ 8QLYHUVLW\￿ RI￿ 0LQQHVRWD￿￿ 0DGLVRQ￿￿ 6W￿￿ 3DXO￿￿ 01￿￿
KWWS￿￿￿ZZZ￿KRUW￿SHUGXH￿HGX￿QHZFURS￿DIFP￿LQGH[KWPO￿￿







5DPDJH￿￿ &￿￿ 0￿￿ ￿￿ :LOOLDPV￿￿ 5￿￿ 5￿￿ ￿￿￿￿￿￿ ,QRUJDQLF￿ QLWURJHQ￿ UHTXLUHPHQWV￿ GXULQJ￿ VKRRW￿
RUJDQRJHQHVLV￿LQ￿WREDFFR￿OHDI￿GLVFV￿￿-RXUQDO￿RI￿H[SHULPHQWDO￿ERWDQ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿




























ROHR\O￿￿ SKRVSKDWLG\OFKROLQH￿ LQ￿ PLFURVRPHV￿ RI￿ GHYHORSLQJ￿ VDIIORZHU￿ VHHGV￿￿ (XURSHDQ￿
MRXUQDO￿RI￿ELRFKHPLVWU\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
7DJXH￿￿ %￿￿ :￿￿ ￿￿￿￿￿￿ *HUP￿OLQH￿ WUDQVIRUPDWLRQ￿ RI￿ $UDELGRSVLV￿ ODVLRFDUSD￿￿ 7UDQVJHQLF￿
UHVHDUFK￿￿￿￿￿￿￿￿￿￿￿￿￿￿




























FRPSRVLWLRQ￿RI￿6HVDPXP￿LQGLFXP￿ /￿￿ DQG￿ LWV￿ ZLOG￿ UHODWLYHV￿LQ￿.HQ\D￿￿-RXUQDO￿RI￿WKH￿￿
6ZHGLVK￿VHHG￿DVVRFLDWLRQ￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿















<XNDZD￿￿ <￿￿￿ 7DNDLZD￿￿ )￿￿￿ 6KRML￿￿ .￿￿￿ 0DVXGD￿￿ .￿￿ ￿￿ <DPDGD￿￿ .￿￿ ￿￿￿￿￿￿ 6WUXFWXUH￿ DQG￿











WKH￿ SURMHFW￿￿ HVSHFLDOO\￿ LQ￿ WKH￿ WLVVXH￿FXOWXUH￿ZRUN￿￿ZKHQ￿KRSH￿ZDV￿DOPRVW￿JRQH￿￿
7KDQN￿\RX￿DOVR￿IRU￿WKH￿RSSRUWXQLW\￿WR￿SDUWLFLSDWH￿LQ￿&267￿￿￿￿￿DFWLYLWLHV￿￿,￿DP￿







































)RUVPDQ￿ DQG￿ ,YDU￿ 9LUJLQ￿ RI￿ WKH￿ %,2￿($51￿ 6HFUHWDULDW￿ DW￿ WKH￿ 6WRFNKROP￿
(QYLURQPHQW￿ ,QVWLWXWH￿ ￿6(,￿￿IRU￿WKHLU￿H[FHOOHQW￿DGPLQLVWUDWLYH￿UROH￿DQG￿SUDFWLFDO￿
KHOS￿￿ZKLFK￿KDYH￿EHHQ￿YLWDO￿IRU￿P\￿IUXLWIXO￿VWD\￿LQ￿6ZHGHQ￿￿
,￿ZRXOG￿OLNH￿WR￿WKDQN￿WKH￿0RL￿8QLYHUVLW\￿DGPLQLVWUDWLRQ￿IRU￿JUDQWLQJ￿PH￿SHUPLVVLRQ￿
WR￿EH￿DZD\￿IURP￿ZRUN￿WKURXJKRXW￿WKH￿SHULRG￿RI￿VWXG\￿￿ZLWKRXW￿ZKLFK￿,￿ZRXOG￿QRW￿
KDYH￿FRPH￿VR￿IDU￿￿
/DVWO\￿￿,￿ZLVK￿WR￿H[SUHVV￿P\￿JUDWLWXGH￿WR￿P\￿IDPLO\￿IRU￿WKH￿FRQWLQXHG￿PRUDO￿VXSSRUW￿
DQG￿LQVSLUDWLRQ￿\RX￿KDYH￿JLYHQ￿PH￿￿<RX￿GLG￿QRW￿ORVH￿SDWLHQFH￿LQ￿VSLWH￿RI￿P\￿ORQJ￿
DEVHQFH￿IUREP￿KRPH￿￿